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AERONAUTICS 

TRANSONIC AERODYNAMIC CHARACTERISTICS OF A 1/15-scm 

MODEL OF THE CONVALR B-58 AIRPLANE 

By John M. Swihart 

An investigation of a l / l5-scale model of the Convair B-58 airplane 
weapons system has been conducted i n  the Langley 16-foot transonic tun- 
nel.  The Convair B-58 airplane has been designed fo r  a long-range sub- 
sonic cruise and a supersonic dash. The principles of the area ru le  were 
applied in the design. 

The Mach number range of the investigation w a s  from 0.80 t o  1.12 and 
the Reynolds number range was from 9.8 x 10 6 t o  10.4 x 10 6 based on the 
wing mean aerodynamic chord. The angle-of-attack range was generally from 
about -5' t o  5' and the elevons were not deflected for  t h i s  investigation. 

The resu l t s  of the investigation indicate t h a t  the complete model 
(airplane plus missile) has a minimum drag coefficient of 0.014 a t  a 
Mach number of 0.90 and a transonic r i s e  i n  drag coeff ic ient  of 0.014. 
The return configuration (airframe only) has a minimum drag coeff ic ient  
of 0.012 a t  a Mach number of 0.90 and a transonic r i s e  i n  drag coeff i -  
c ient  of 0.013. It was found tha t  the complete-model drag coeff ic ient  
was almost exactly the sum of the return configuration and the pod-alonr: 
drag coefficients - an outstanding r e su l t  of the application of the area- 
ru le  principles. 
present data indicated excellent agreement. 
a t  a Mach number of 0.80 was 11.0 fo r  the return configuration and 10.3 
f o r  the complete model. In  the  low supersonic range, the m a x i m u m  l i f t -  
drag r a t i o  was 7.1 for  the return configuration and 6.1 for  the complete 
mode 1. 

Comparison of a 1/15-scale f ree- f l igh t  model and the 
The m a x i m u m  l i f t -d rag  r a t i o  

The aerodynamic-center sh i f t  between the subsonic and the low super- 
sonic range was from 32.5 t o  44.5 percent of the mean aerodynamic chord 
f o r  the complete model and f rom 33.5 t o  43.5 percent of the mean aero- 
dynamic chord for  the return configuration. 
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IPJTRODUCT ION I . ,  

. The National Advisory Committee for  Aeronautics has car r ied  out 
extensive research on various models of the Convair B-58 airplane.  
erence 1 reported investigations of t he  or ig ina l  two-engine version and 
on four models of the  advmce? four-engine versions. The four-engine 
vzrsions were designed according t o  the  pr inciples  of the  transonic area 
rule (ref.  2) .  Several models have been t e s t ed  by the Langley P i lo t l e s s  
Aircraf t  Research Division. (See r e f s .  3 t o  6 . )  Pressure d is t r ibu t ions  
on the wing with and without nacel les  a t  supersonic speeds have been 
obtained a t  the h e s  Laboratory and are reported i n  reference 7. 

Ref- 

The Convair B-58 airplane is a delta-wing bomber-type airplane weap- 
ons system designed for  a long-range subsonic cruise  and a supersonic 
dash. There are two par t s  i n  the airplane weapons system. A n  airplane 
with four pylon-mounted single-engine nacelles, a 4-percent-thick d e l t a  
wing, and a sweptback ve r t i ca l  t a i l  i s  designated the  re turn  configura- 
t ion.  
surface missile mounted on a pylon beneath the  fuselage. 
B-58 model i s  very similar t o  the Convair MX-1964 model w i t h  s p l i t  nacel les  
(ref.  1) except t ha t  both nacelles of the B-58 model were mounted on a 
pylon on the undersurface of the wing. The four-engine models of r e f -  
erence 1 were designed according t o  the pr inciples  of the  transonic area 
rule, but the  re turn  configuration of the B-38 has been designed t o  an 
area d is t r ibu t ion  fo r  a Mach number of 2.0 i n  a manner s imilar  t o  t h a t  
described i n  reference 8. 
retains s p l i t  nacelles,  although reference 1 indicated a lower trim drag 
f o r  two twin-engine nacelles.  
showed very poor d i rec t iona l  s t a b i l i t y  a t  supersonic speeds fo r  the  twin- 
engine nacelles and acceptable s t a b i l i t y  fo r  t h e  s p l i t  nacel les  mounted 
an t he  lower surface of t he  wing. 
underslung s p l i t  nacelles were retained on the  Convair B-58 model. 

The complete a i r c r a f t  i s  the  return configuration with an a i r - to-  
The Convair 

It should be noted t h a t  the Convair B-58 model 

Unpublished data  from Ames Laboratory 

For these reasons par t icu lar ly ,  the 

The present investigation a t  the Langley 16-foot transonic tunnel 
was m a d e  t o  determine the minimum drag and the d r a g  a t  cruis ing l i f t  coef- 
f i c i e n t  of a l / l?-scale model of the Convair B-58 airplane.  
gation was  conducted at the  request of the United S ta tes  A i r  Force. The 
Mach number range of the investigation was from 0.80 t o  1.12 with corre- 
sponding Reynolds numbers based on w i n g  mean aerodynamic chord from 
9.8 x 106 t o  10.4 x 106. 
about -5' t o  5O. 

The inves t i -  

The angle-of-attack range was generally from 
The elevons were undeflected fo r  t h i s  investigation. 
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CD 

crB 

cFI 

CL 

c, 

CP 

SYMBOLS 

cross-sectional area of nacelle 

base area of nacelle or fuselage 

wing span 

D external drag coefficient, - = C% - C% - 
%s 

balance-measured drag coefficient 
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cpBB base-force coefficient, 
U 

m(vo - vE) - AE(pE - Po> nacelle internal-force coefficient, 
qos 

L lift coefficient, - 
qos 

Mo. 35c' 
qosc ' 

pitching-moment coefficient, 

%oca1 - Po 
% 

pressure coefficient, 

C' mean aerodynamic chord 

D external drag 

L lift 

2 model length 

Mo.35c' pitching moment about 0.35~ 

M Mach nmber 

m mass flow 



PEVE 
POVO 

m’ point mass-flow ra t io ,  - 
I 
I .  

P 

I -  

+ 
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R 

S 

v 

X 

s t a t i c  pressure 

dynamic pres si-i.re 

Reynolds number 

wing area 

ve loc it y 

distance t o  rear  of nose of fuselage 

i 
4 I 

U model angle of a t tack measured from fuselage reference l i ne  
(fuselage reference l i n e  i s  i n  parting plane between return 
configuration and pod pylon) 

P mass density 

Slope pa.rame$ers : 

l i f t -curve slope, cLa 

p i t  ching-moment -curve slope 

Subscripts : 

B base 

E nacelle ex i t  s ta t ion  

I in t e rna l  

I .  

max maximum 

0 f ree  stream 
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The model consisted of a fuselage, wing, nacelles,  v e r t i c a l  t a i l ,  
and a rezcvable s tore  or  m i s s i l e  cal led the pod. 
with the pod attached i s  shown i n  figure 1 and tab le  I gives the model 
physical character is t ics  and dimensions. The model was  constructed of 
magnesiun castings and polished t o  a high aerodynamic cieaimess. 
d e l t a  wing had a leading-edge sweep of 60°, a trail ing-edge sweep of -lo0, 
an angle of incidence t o  the fuselage reference l i n e  of 3 O ,  and NACA 
0004.08-63 a i r f o i l  sections p a r a l l e l  t o  the plane of symmetry. The wing 
w a s  conically cambered according t o  a method outlined i n  references 9 
and 10, and the exact d e t a i l s  of the conical camber fo r  the  wing were 
given i n  reference 1. 

A sketch of the model 

The 

Movable elevons were b u i l t  in to  the wing t r a i l i n g  edge but were 
positioned a t  0' deflection fo r  t h i s  investigation. The elevon area fo r  
the  Convair B-58 m o d e l  has been decreased from t h a t  of the Convair MX-1964 
model of reference 1. (See f ig .  1.) Landing-gear fa i r ings  were cas t  on 
the wing upper and lower surfaces as shown on f igure 1. 

Two pylon-mounted nacelles were attached t o  the  undersurface of each 
wing at t he  0.43b/2 and 0.76b/2 s ta t ions.  
inboard nacelle th rus t  center l i n e  was incl ined -2' t o  t he  wing chord 
plane ( f ig .  '2) and the  outboard nacelle was  inclined -4' t o  t he  w i n g  chord 
plane ( f ig .  3). The nacelle external and in te rna l  geometry i s  shown i n  
figure 4. 
d i t ions  for  cruise a t  a Mach number of 0.90 and the nacelle spike geometry 
i s  shown i n  f igure 5. 

(See f igs .  2 and 3.) The 

The nacelle spikes were positioned t o  duplicate the  i n l e t  con- 

The ve r t i ca l  t a i l  had a leading-edge sweepback of 52O, an aspect 
r a t i o  of 1.32, and a taper r a t i o  of 0.32. 
than the Convair MX-1964 t a i l  of reference 1. 

It had considerably more area 

The pod w a s  attached t o  the undersurface of the fuselage with a short  
pylon. Pod aerodynamic surfaces were a w i n g ,  canard, and vent ra l  f in ;  
t h e  wing and canard had the same aspect r a t i o ,  taper  r a t i a ,  and plan form 
as the main wing. 
fin which i s  folded in to  the  pod-support pylon u n t i l  a f t e r  pod separation. 

The ful l -scale  air-to-surface missile has a v e r t i c a l  

TESTS 

The operational and flow character is t ics  of the Langley 16-foot 
transonic tunnel are reported i n  reference 11. 
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)I Force data were obtained on the complete model and the return con- 
figuxation over a Mach number range from 0.80 t o  1.12. The angle-of- 
a t tack range w a s  frm about -5' t o  5 O  and the average Reynolds number 
based on the wing mean aero4ymmic chord was 10.1 x lo6. All force data 
were obtained with f ree  t rans i t ion  on the model and both the complete 
model and the return configuration were tes ted only at  an elevon deflec- 
t i on  of 0'. Separate runs where no force data were taken yere made with 
the complete model and the return configuration t o  obtain pressure 4at.a 
in the nacelles since the pressure tubing w a s  carr ied externally from 
the nacelles t o  t h e  fuselage along the  upper surface of the w i n g  near 
the t r a i l i n g  edge. 

. 

ME!I"ODS 

Instrumentation 

Forces and moments were measured on an in te rna l  six-component balance 
supported by the tunnel-sting-support system. 
forces, nacelle base-pressure forces, and nacelle in te rna l  forces were 
determined from the pressure measurements. 
ured near the ex i t s  of the inboard and outboard nacelles. Choked flow 
was obtained i n  the nacelles a t  Mach numbers above 0.96. 

Fuselage base-pressure 

In te rna l  pressures were meas- 

Data Reduction 

All force data were obtained on continuous-operation s t r i p  charts 
and the pressure measurements were recorded photographically. 
computing machines were used t o  reduce the forces and moments t o  coef- 
f i c i e n t  form a f t e r  the readings were obtained from the s t r i p  charts.  
Automatic fi lm readers and computers were used t o  reduce the pressure 
data  t o  fuselage and nacelle base-pressure forces and nacelle in te rna l  
forces. 
base-pressure forces and nacelle in te rna l  forces. 

Automatic 

A l l  force data presented i n  t h i s  report  have been adjusted fo r  

Fuselage and nacelle base-force coefficients for  the complete model 
and the return configuration are shown i n  figure 6. 
very small variation of the  fuselage base-force coefficient with angle of 
a t tack o r  Mach number for  e i ther  the complete model o r  the return con- 
figuration. 
coefficients w i t h  angle of attack and Mach number and the inboard and 
outboard nacelle variations generally had opposite trends. 
internal-force coefficients are  shown i n  figure 7 fo r  the complete model 
and the return Configuration. The nacelle internal-force coeff ic ients  
for  the  inboard and outboard nacelles are  pract ical ly  ident ica l  and of 
s m a l i  rxgnitude. 

There was only a 

There w a s  considerable var ia t ion fo r  the nacelle base-force 

Nacelle 

The values are lower than those of reference 1 f o r  the 
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Convair MX-1964 model, probably a r e s u l t  of sh i f t i ng  the spike posi t ion 
and of s l i g h t  changes t o  the in te rna l  contour. 
r a t i o  m' 
f o r  a l l  Mach numbers and angles of attack. 

The point mass-flow 
has not been presented but it remained close t o  90 percent 

No correctiolz h a s  been made f o r  sting tares. The s t i ng  was cylin- 
d r i c a l  f o r  more than two diameters t o  the rear  of the  fuselage base and 
it i s  known tha t  sting ef fec ts  are minimized with t h i s  arrangement. 
angle of a t tack  has been corrected fo r  s t ing  and balance def lect ion and 
f o r  a tunnel upflow angularity of 0.4' t ha t  d id  not vary with Mach number. 

The 

I n  reference 1 the  cross p lo ts  of drag coeff ic ient  against  Mach num- 
ber were fa i red  low i n  the  Mach number range from 1.00 t o  1.06 because 
of t u n n e l - w a l l  re f lec ted  disturbances. 
the  present data  because points were obtained a t  a Mach number of 1.12 
and it i s  estimated t h a t  the model w a s  f ree  from tunnel boundary-reflected 
disturbances a t  t h i s  Mach number. 

No adjustments have been made t o  

Accuracy 

The values presented i n  the following table indicate the estimated 
e r rors  of the  data  i n  t h i s  paper. 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  w.01 
C D . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fo-ool 
C m . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tO.004 
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 0 0 5  
a, d e g . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  k O . 1  
c p . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  w.005 

A very f e w  e r rors  larger  than t h i s  estimated accuracy are shown i n  the 
basic data and no explanation of why these e r rors  appeared can be given; 
they were ignored i n  the  f a i r ing  of the  data. 

The complete model was tested; the return configuration w a s  tes ted;  
and t h e q t h e  complete model w a s  retested.  During these las t  t e s t s  the 
chord-force s t r a i n  gage failed; the repeated t e s t  data are shown up t o  
the  point of failure. 

l33SULTS AND DISCUSSION 

The basic aerodynamic character is t ics  (a, CD, and Cm against  CL) 
a re  presented in f igures  8 and 9 fo r  the complete model and the  re turn  
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configuration. 
complete model of the  B-58 and the MX-1964 sp l i t -nace l le  model of ref- 
erence 1 are compared i n  f igure 10. The drag charac te r i s t ics  of the 
complete model and the re turn  configuration of the B-58 are compared w i t h  
the MX-1964 spl i t -nacel le  model of reference 1 i n  f igure  11. 

The nondimensional cross-sectional area diagrams fo r  the  

Drag character is t ics . -  The p-ay;ose of the present invest igat ion w a s  
t o  determine the minimum drag coefficient and the  drag a i  cruis ing l i f t  
coefficient of a l / l?-scale  model of the B-58. Figure 11 shows the  var i -  
a t ion  with Mach number of minimum drag coefficient,  maximum l i f t -d rag  
r a t io ,  and l i f t  coeff ic ient  fo r  The data f o r  t he  complete 
model are compared with the  data  f o r  the Convair MX-1964 cambered-wing 
sp l i t -nace l le  model of reference 1 and wi th  the  re turn  configuration. 

(L/D)ma. 

The var ia t ion of the  minimum drag coeff ic ient  with Mach number shows 
that the  complete model of the  B-58 and the MX-1964 have almost exactly 
the same minimum-drag-coefficient leve l  (0.014) and transonic drag r i s e  
(0.013) up t o  a Mach number of 1.05 ( t e s t  l i m i t  of r e f .  1). 
sonic drag rise fo r  the complete model of t he  B-58 i s  0.014 from a Mach 
number of 0.90 t o  1.U. The complete model has a s l i g h t l y  higher drag- 
coeff ic ient  l eve l  than the MX-1964 model a t  a Mach number of 0.90 but 
had the  same l eve l  at  a Mach number of 1.05. 
diagrams shown i n  figure 10 might indicate a s l i g h t l y  lower l e v e l  f o r  
the B-38 model, since it has a lower t o t a l  nondimensional area; however, 
the B-58 model was s l i g h t l y  longer than the  MX-1964 model so t h a t  the 
naximm value of 
t he  lower t o t a l  cross-sectional area i n  square f ee t .  
indicate  very similar forebodies for the two models and only s l i g h t l y  
d i f fe ren t  afterbody slopes; except fo r  other s m a l l  differences,  it might 
be expected t h a t  they would have about the same transonic drag r i s e .  

The tran- 

Inspection of t he  area 

A/Z2 w a s  reduced, and the  MX-1964 model ac tua l ly  had 
The area diagrams 

The minimum drag coeff ic ient  for the re turn  configuration i s  compared 
with the  complete model in f igure 11. 
minimum d r a g  coeff ic ient  of 0.012 at  a Mach number of 0.90 and about 0.025 
a t  a Mach number of 1.12. Pod-alone data from reference 12 converted t o  
l / l?-scale  model drag coeff ic ients  are a l so  shown in f igure  11. 
ference in model drag coeff ic ient  due t o  the  Reynolds number differences 
between the pod model of reference 12 and the present model would be 
about 0.0002 based on wing area. With such a small difference i n  pod 
drag coefficient due t o  Reynolds number, it is in te res t ing  t o  compare 
the complete model, the return configuration, and the re turn  plus the  
pod minimum drag coefficients.  The re turn  configuration was designed 
f o r  a Mach number of 2.0 and it would not be expected t o  be optimum at  
a Mach number of 1.0. Adding the  pod t o  the  re turn  configuration gives 
a Mach number of 1.0 area dis t r ibut ion with the remarkable r e s u l t  that  
t h e  pod-alone drag coeff ic ient  plus the re turn  configuration drag coef- 
f i c i e n t  very nearly equals the complete model drag coeff ic ient  a t  each 
Mach number. T h i s  i s  cer ta in ly  an outstanding application of the  area- 
rule pr inciple  . 

The re turn  configuration has a 

The d i f -  
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Reference 6 presents drag-coefficient data a t  model t r im  l i f t  f o r  
a l/l?-scale f ree- f l igh t  model of the B-58 and a comparison of t h a t  da ta  
with the data of t h i s  paper. Figure 1 2  shows t h i s  comparison and is  pre- 
sented t o  shuw the excellent agreement t h a t  can be obtained between tran- 
sonic wind-tunnel t e s t  data and f ree- f l igh t  data  when p rac t i ca l ly  iden t i ca l  
models are operated a t  s i m i l a r  Reynolds numbers. 

The var ia t ion of l i f t  coefficient fo r  (L/D),, ( f i g .  il) indicates  
t h a t  t he  complete model and the return configuration both a t t a i n  (L/D),, 
a t  
f i c i e n t  for the  subsonic cruise. The variation over the Mach number range 
i s  similar t o  tha t  fo r  the  MX-1964 model. It should be noted t h a t  the  
conically cambered wing used on t h e  B-58 m o d e l  and the  MX-1964 model has 
been designed fo r  an e l l i p t i c a l  spanwise loading a t  a l i f t  coef f ic ien t  
of 0.22 at  a Mach number of 1.414. 

CL = 0.25 at a Mach number of 0.90, which is  the design l i f t  coef- 

The value of (L/D)max i s  about 11 for  the  return configuration 
and about 10.3 fo r  both the  complete model of the  B-58 and the  MX-1964 
model a t  a Mach number of 0.80. 
lower 
r e s u l t  of a s l i gh t ly  higher minimum 
number range is  very similar. In  the low supersonic range, t h e  m a x i m u m  
l i f t -d rag  r a t i o  i s  6.1 f o r  t he  complete-model configuration and 7.1 fo r  
the  re turn  configuration. 

The B-58 complete model has a s l i g h t l y  
(L/D),= than the MX-1964 a t  a Mach number of 0.90, probably the  

CD, but the  var ia t ion over the Mach 

When the  data of t h i s  report  are used fo r  performance calculations,  
the  e f f ec t s  of increased Reynolds number and operation of t he  t7xbojet 
engines on the  nacelle afterbody and base pressures should be considered. 
Reference 1 showed tha t  the  drag due t o  l i f t  fo r  t h i s  wing w a s  about the 
theo re t i ca l  value a t  a Mach number of 0.30; thus, the  drag due t o  l i f t  
could hardly be reduced by increasing the  Reynolds number. Therefore, 
any increase i n  (L/D)max 
en t i r e ly  the  result of lower values of skin-fr ic t ion drag. 

at ful l -scale  Reynolds number would be almost 

The results of reference 13 indicate t h a t  the afterbody and base 
pressures for a highly boattailed nacelle will be lower than free-stream 
s t a t i c  pressure when the turbojet  engine i s  operating. 
expected t h a t  the  B-58 airplane drag coeff ic ients  will be higher and the  
l i f t -d rag  r a t io s  smaller than these model t e s t  results where the  nacelle 
base pressures have been adjusted t o  the  condition of free-stream s t a t i c  
pressure. 

It should be 

L 

Lift-curve slope.- Figure 13 shows the e f f ec t  of Mach number on the 
l i f t -curve  slope for  the  complete model and the  re turn  configuration. 
The l i f t -curve  slope for the  complete model var ies  from 0.060 t o  about 
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0.074 from a Nach number of 0.80 t o  a Mach number of 1.00 and then 
decreases t o  about 0.063 a t  a Mach number of 1.12. 
of the return configuration varies i n  a similar manner over the Mach num- 
ber range but has a higher slope a t  a Mach number of 1.12. 
vould probably be expected because of a reduction in wave interference 
when the pod i s  removed. 

The l i f t -curve  slope 

This r e su l t  

Longitudinal s t a b i l i t y  parameter.- For t a i l l e s s  configurations wnere 
f l ap  deflection causes an equal displacement of the pitching-moment curve 
at each l i f t  coefficient,  the aerodynamic center and-the neut ra l  point 
a re  synonymous. 
b i l i t y  parameter dC,/dCL 

complete model and the return configuration. The data  indicate t h a t  the 
aerodynamic center or neutral  point varies from about 32.5 t o  44.3 per- 
cent of c1 fo r  the complete model and from 33.5 t o  43.5 percent of c 1  
fo r  the return configuration over the Mach number range of the  inves t i -  
gation. The reason for  the larger  t r ave l  on the complete model i s  prob- 
ably the r e s u l t  of the center-of-pressure movement on the pod. 

Figure 13 shows the variation of the longitudinal s t a -  
or aerodynamic center with Mach number for the 

SCMMARY OF RESULTS 

A n  investigation of a 1/15-scale model of the Convair B-58 airplane 
has been made in the Langley l6-foot transonic tunnel over a Mach number 
range from 0.80 t o  1.12. 

The complete model had a subsonic minimum drag coeff ic ient  of 0.014 
and a transonic r i s e  i n  minimum drag coefficient of 0.014. 
configuration had a subsonic minimum drag coefficient of 0.012 and a 
transonic r i s e  i n  minimum drag coefficient of 0.013. 
the complete-model drag coefficient was almost exactly the sum of the 
return configuration and the pod-alone drag coefficients - an outstanding 
r e su l t  of the application of the area-rule principles.  Comparison of the 
drag coefficients a t  model trim l i f t  from a l/ l?-scale f ree- f l igh t  model 
and the present data indicated excellent agreement. 
drag r a t i o  a t  a Mach number of 0.80 w a s  11 for  the return configuration 
and 10.3 fo r  the complete model. In the low supersonic range, the maxi- 
mum lift-drag r a t i o  w a s  7.1 fo r  the return configuration and 6.1 fo r  the 
conplete model. 

The return 

It w a s  found tha t  

The maximum l i f t -  

The aerodynamic-center s h i f t  between the subsonic and the low super- 
sonic range w a s  from 32.5 t o  44.5 percent of the mean aerodynamic chord 
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for the complete model and from 33.5  to 43.5 percent of the mean aero- 
dynamic chord for the return configuration. 

Langley Aeronautical Labor at ory , 
- - A 7  naLuALL Advisory Committee for Aeronautics, 

Langley Field, Va., October 9 ,  1956. 

John 14. Swihart 
Aeronautical Research Engineer 
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Fuselage: . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  L e n g t h p i n -  69.93 . . . . . . . .  75.93 Overall length from nose t o  t i p  of v e r t i c a l  t a i l ,  in. 

Nacelles : 
I_ LGig*h, k. . . . . . . . . . . . . . . . . . . . . . . . . .  
met diameter, in. . . . . . . . . . . . . . . . . . . . . .  
T o t a l  in le t  area, sq in. . . . . . . . . . . . . . . . . . . .  
N e t  inlet area, sq in. . . . . . . . . . . . . . . . . . . . .  
Exit diameter, in. . . . . . . . . . . . . . . . . . . . . . .  
Ekit area, sq in. . . . . . . . . . . . . . . . . . . . . . .  
Location of inboard nacelle inclined -2O t o  wing-chord plane . 
Location of outboard nacelle inclined -4O t o  wiq-chord plane 
Spike diameter a t  inlet, in. . . . . . . . . . . . . . . . . .  

W i n g :  

. . . .  

. * e .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  
span,in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord, in. . . . . . . . . . . . . . . . . . . . . .  R o o t  chord, in. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Airfoi l  section . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Leading-edge sweep, deg . . . . . . . . . . . . . . . . . . . . . . .  
Trailing-edge sweep, deg . . . . . . . . . . . . . . . . . . . . . .  
D i h e d r a l ,  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incidence, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T a p e r r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19.33 
1.80 
2.54 
1.92 
1.69 

0.76b/2 

2.24 
0.43b/2 

0.34 

45.49 
43.41 
28.94 
6.86 

NACA 0004.08-63 
60 

-10 
0 
3 

2.10 
0 

pod: 
L e n g t h p i n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44.60 
Maximum diameter of body of revolution, in. . . . . . . . . . . . . .  4.00 

span, in. 13-70 
&-ea, sqft . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  z.62 

Pod wing: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Air fo i l  section . . . . . . . . . . . . . . . . . . . . . . . . . . .  ITACA 0004.5-64 

Pod canard: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  span, in. 7. 86 
Area ,sqf t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.20 
Airfoil  section . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 0004.5-64 

Pod ventral fin: 
span, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.1 
Area, s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.13 
Aspect ra t io  1.75 
Taper  r a t i o  0.35 
Leading-edge sweep, deg 60 
Airfoil  section . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 0005-64 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  
Vertical tail: 

Area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.71 
span, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  u.60 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.32 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.32 
Leading-edge sweep, deg . . . . . . . . . . . . . . . . . . . . . . .  52 
Airfoil  section . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 0005-64 
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Nacelle geowtry j 

1 Arc C is t a n g e n t  t o  r a d i u s  A 
a t  t h e  15" l i n e  below t h e  
t h r u s t  and  i s  t a n g e n t  t o  
r a d i u s  D. 
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Figure 4.- Nacelle external and internal  geometry. 
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Figure  5 .  - I'iacelle spike geometry. 
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Figure  -7.- Variation of nacelle internal-force coefficient with angle 
of attack for l/l?-scale model of the Convair B-38 airplane. 
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ABSTRACT 

An investigation of a l / l>-scale  model of the Convair B-58 airplane 
weapons system has been conducted i n  the  Langley &foot transonic tunnel. 

The r e s u l t s  indicate t ha t  the complete model (airplane plus missile) 
drag coefficient w a s  almost exactly the sum of the  return configuration 
(airplane only) drag coefficient and the pod-alone drag coefficient - an 
outstanding result of the application of the area-rule principles. 


